Introduction
The main obstacle to the production of alkaloids in cell cultures of Catharanthus roseus is their low synthetic capacity com pared to the whole plant [1] , This generally observed phenomenon may be due to the transition of the differentiated cell of the plant to the undifferentiated cell of the suspension cul ture. Some years ago it was observed that addition of dimethylsulfoxide to m urine erythroleucemic cell cultures could stimulate the differentiation and there by reactivate the capacity of the cells to synthesize hemoglobin which was lost after transform ation by Friend viruses [2] . These findings resulted in the identification of a considerable variety o f com pounds which are active as differentiation inducers in this system. Amongst these are diam ines [3] , purine derivatives [4] , and short chain fatty acids [5] , for reviews see [6, 7] , Recently a nucleoside analogue, 5-azacytidine, was found to be a potent inducer of cell differentiation via inhibition o f D NA methylation [8] . In plant cell cultures many attem pts have been made to raise the production o f second ary metabolites by varying the phytohormones, medium composition or by adding precursors [9, 10] .
We wish to report on the influence of differentia tion inducers, mainly 5-azacytidine, on the produc tion of secondary compounds in Catharanthus roseus cell suspension cultures. 
Materials and Methods
Cell suspension cultures of Catharanthus roseus (L.) G. Don were m aintained in M urashige and Skoog medium [11] containing 3% sucrose and 2 x 1 (T 6 m 2,4-dichlorophenoxyacetic acid. The sus pension cultures were grown in 250 ml Erlenm eyer flasks containing 70 ml of culture m edium at 26 °C in the dark on a gyratory shaker with 110 strokes/ min. Subculturing was performed every two weeks using 2 g fresh weight cells as inoculum.
5-Azacytidine (Sigma Chemicals) was dissolved in water at a concentration of 7 m g /100 ml prior to application. The solution was added to the culture flask by pressing the respective am ount through a sterile Millex filter unit (0.22 p ) to give a final concentration ranging from 7 0 -1 4 0 p g per culture flask.
For the induction experiments the cultures were started by inoculation with 2 g cells in growth medium [11] . At days 3, 5 and 7 the cultures were treated with 1.0, 1.5 or 2.0 ml of the 5-azacytidine solution, respectively. The inducer has to be added repeatedly because of the short half life of azacytidine in solution [12] . The cultures were incubated until day 14, then the cells were separated by vacuum filtration through a porous glass filter and transferred to a production m edium composed of MS-medium with 8% sucrose, one tenth of the original phosphate and nitrate, and devoid of phytohormones. The induced suspension cultures were incubated for a further two weeks. At the end of incubation the cells were harvested by vacuum filtration, washed with distilled water and freeze dried. For HPLC and TLC analysis freeze dried cells were extracted with methanol. The crude extract was worked up to give an alkaline CHC13-extract, which was further purified by the enrich ment technique with Extrelut cartridges (Merck, Darmstadt) as described [13] . HPLC analysis was performed with two Waters pum ps M 6000 A, a M660 solvent programm er and a Hewlett-Packard HP 1040 A photodiode array UV-detector with the pilot signal set to 280 nm. Spectra were recorded from 210 to 400 nm with a band width o f 2 nm. Table I and II. 3 mg of the compound obtained after preparative TLC was acetylated at room tem perature with acetic anhydride/pyridine (0.5 ml each) and a catalytic amount of dim ethylam inopyridine. Excess reagents were removed in vacuo and the product was purified by preparative HPLC on Nucleosil RP-18 (25 cm x 4 mm, m ethanol/w ater 62: 38, 2 m l/ min). The main peak at 280 nm was collected to give 1.5 mg of pure compound.
' El mass spectra were recorded with an AEI MS 902 S mass spectrometer at a resolution of 1000. High resolution data were obtained by the peak matching method at a resolution of 30000. N egative ion FAB mass spectra were recorded on a Kratos MS 50 spectrometer with a Kratos FAB source; glycerol was used *as matrix. 'H and 13C N M R spectra were recorded at am bient tem perature on a Bruker WM 400 NM R spectrometer at 400 and 100 MHz, respectively, and locked to the deuterium resonance of the solvent. Shifts are reported in ppm relative to TMS and couplings in Hz. Iterative spin simulations were carried out with a program based on LAOCOON III.
Results
Three days after inoculation in M S-m edium [11] the suspension culture of C. roseus cells was treated with the 5-azaC solution to give a final concentra tion of 70, 105 or 140 (ig per culture flask, respec tively. Addition of the same am ount of the drug was repeated twice at two day intervals. After a further three days of growth in the presence of the drug, the cells were withdrawn from the growth m edium and transferred to a five-fold volume of production medium containing 8% sucrose, one tenth o f the original phosphate and nitrate, and no phytohor mones. This medium has recently been shown to enhance the alkaloid production of C. roseus cell cultures [14, 15] . After incubation in the production medium for ten days the cells were separated and lyophilized. The cells were extracted and the extract purified as described in Materials and M ethods. The HPLC analysis of the purified extract of the azaC treated cells showed beside the normal alka loid pattern, with catharanthine and ajm alicine as the major constituents, an intense peak at 6.5 min, not present in untreated cells (Fig. 1) . The UVspectrum of this peak, obtained during the run with a photodiode array detector has an absorption maximum typical of an arom atic chrom ophore at 271 nm (Fig. 2) . TLC analysis of the cell extract exhibited a new polar m etabolite which developed an orange colour on spraying with Ce-IV-reagent.
For structure elucidation the new com pound was isolated and purified by column chrom atography on Sephadex LH-20 and preparative TLC. These pro cedures yielded a colourless am orphous substance whose El mass spectrum showed a prom inent peak at 418 mu. In addition a negative ion FAB mass spectrum exhibited a [M -l]-peak at 579 m u and a fragment ion at 417 mu corresponding to the loss of a hexose moiety [M -C 6H ]i0 5]_, indicating an un substituted hexose attached via an O-glycosidic bond. Hence the m /e 418 ion in the El-ms is the aglycon resulting from thermal decom position of the glycoside. The high resolution ms afforded an elementary composition of C22H2608 for the m /e 418 peak.
The 'H and 13C NMR data of the compound are shown in Table I . Extensive !H hom onuclear decou pling experiments indicated the presence of two OCH2CHCHO systems with almost identical shifts and the presence of a single sugar residue. Careful iterative spectral simulation allowed com plete analysis of the latter and unam biguously estab lished the presence of a /?-glucopyranoside. The intensities of the proton and carbon signals of the aglycon, together with the 'H nuclear Over hauser enhancements (Table I ) indicated a sym metry axis in the molecule and the substitution pattern within the aromatic residues. These data together with the formation of a pentaacetate under mild acetylating conditions are only com patible with the structure of the molecule shown in Fig. 3 , which represents the monoglucoside of the known lignan, lirioresinol B [16] . Correlation of the 'H and l3C data by heteronuclear decoupling and com par ison of the latter with literature data for sim ilar systems [17, 18] confirmed the proposed structure as well as the configuration of the lignan. Thus the shifts for H(2) and H(6) are indicative of a diequatorial disposition of the arom atic moieties and this is confirmed by the 13C shifts of the furan re sidues.
As judged by HPLC analysis (Fig. 1 ) the optimal response of the plant cells in suspension culture to the drug azaC was reached at a concentration of 105 (ig per 70 ml of culture medium. Lowering the concentration of the inducer decreased the yield of the new metabolite, whereas a higher concentration did not result in a further stim ulation of the cells. As azaC is known to be cytotoxic even at low con centrations [19] the viability of the treated cell cultures was confirmed by the fluoresceine diacetate staining method [20] . A retardation of growth in the presence of azaC compared to a control culture was not observed as indicated by the growth curves.
Other chemicals, also known to be potent in ducers of differentiation in the Friend system such as hexamethylenebisacetamide [21] or sodium butyrate [5, 22] did not give rise to new secondary metabolites in the plant cell culture. M orphological changes of the plant cells responding to the drugs, as observed with some animal and hum an cell lines [23, 24] , could not be detected under the light microscope.
Discussion
The results presented manifest for the first time an alteration of the secondary metabolism of cul tured plant cells by a differentiation inducer known to be active in animal and hum an cell systems. Among many drugs tested in our C. roseus cell culture only 5-azacytidine exhibited a response of the plant cell by synthesizing a new metabolite, normally not found in that cell culture. The cytidine analogue, 5-azacytidine, which can not be m eth ylated, can be incorporated into replicating D N A thereby causing hypomethylated areas in the D N A [25] . This hypomethylation has been shown to cor relate with gene activity and expression in a num ber of studies [26, 27] . Interestingly, sodium butyrate causing hyperacetylation of histones in m am m alian cells, also correlated with gene activity [28] did not influence the synthesis of m etabolites in C. roseus cells although this chemical caused hyperacetylation of histone H4 in plant cells [29] . Even though the hypomethylation of the DNA is inheritable we found that the plant cells lost their capability to synthesize the lignan type com pound after a few passages. This may indicate that azaC not only interferes with DNA methylation but exerts its effect on gene expression by directly regulating the interaction of controlling proteins with the D N A [30] . The compound, lirioresinol B mono-/?-D-glucoside, synthesized under the influence of azaC by the cell culture, has to our knowledge not been isolated from C. roseus plants or cell cultures. Only in callus cultures of Vinca minor, another plant of the Apocynaceae family, has the formation of lirioresinol B been reported [31] . Interestingly, from a large scale fermentation of untreated C. roseus cells 4-hydroxy-3,5-dimethoxycinnamic acid methylester, the biogenetic precursor of lirioresinol was isolated (W. Kohl, unpublished) . This suggests that azaC treatment activated, via hypom ethylation of DNA sequences or by direct interaction, the enzyme(s) for condensation of the two cinnamic acid m oieties to form the lignan.
